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Abstract
The insect parasitoid nematodes are a means boon to agronomy and serve as 
important bio-pesticides for controlling crop damaging insect pests. These nematodes 
inhabit moist soils and have been to exist in all the continents excluding Polar Regions. 
These nematodes have 3rd larval stage infective which is the only free living stage exist-
ing outside the host. These infective stages are mutually associated with bacteria which 
reside in their alimentary canal and duo are responsible for mortality of the insect host. 
These nematodes are currently given great attention by scientific community because 
of their insect killing properties and can be used to replace hazardous pesticides. These 
nematodes include various species belonging to genus Heterorhabditis and Steinernema, 
and members of insectivorous group of genus Oscheius. Before their use as bio-control 
agents, these nematodes need to be properly identified. Currently, these nematodes are 
characterized by using morphological and morphometrical parameters and advanced 
molecular tools including cross hybridization and scanning electron microscope 
studies. Their associated bacterial partners are studied through advanced molecular 
and biochemical techniques. The properly characterized nematodes having more 
entomopathogenic properties can be easily mass produced through in vitro and in vivo 
methods. They can be formulated in various carrier materials and supplied to farmers 
for effective control of damaging insect pests. Several countries have formulated vari-
ous useful products of entomopathogenic nematodes which are available in markets for 
use by the farmer community and some have given very effective results. India is still 
at the early stage in the use of these nematodes for bio-control of insects in agronomy. 
More research in this field needs to be carried, especially in India to produce effective 
indigenous nematode products which may prove a boon for agriculture.
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1. Introduction
1.1 Entomopathogenic nematodes
Entomopathogenic nematodes (EPNs) range in size from 0.3 to 10 mm and they 
can be more or less cylindrical [1]. In Greek vocables, the term entomopathogenic 
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nematodes comes from “entomos”, “insects”, “pathê”, “disease” and “guenos”, 
“producing” means a group of nematodes which have the ability to cause disease in 
insects by suppressing the immune system of insects. “Entomopathogenicity clari-
fied: “EPNs must rapidly kill their hosts with the aid of bacterial partners and must pass 
on the associated bacteria to future generations” [2]. They belong to the two families, 
the Steinernematidae consisting of two genera, i.e. Steinernema (100 valid species) 
and Neosteinernema (01 species only, N. longicurvicauda) [3]. The other genera 
Heterorhabditidae comprises of one genus, Heterorhabditis which contains 16 well 
described species globally [3] (Table 1). These two well-known genera, Steinernema 
and Heterorhabditis, have the ability of infecting and killing insects with the aid of 
symbiotic bacteria [91]. They are receiving a lot of interest in nematological and 
entomological studies because of their high virulence capacities, and able to kill 
the insect hosts within 24–48 hours. Besides this, they are ubiquitous and reside 
everywhere except Antarctica [76, 115–119].
S. No Species Place Reference S. 
No
Species Place Reference
1 S. kraussei Germany [4] 60 S. ichnusae Italy [5]
2 S. glaseri New Jersey [6] 61 S. australe Chile [7]
3 S. feltiae Russia [8] 62 S. unicornum Chile [9]
4 S. affine Denmark [10, 11] 63 S. boemarei France [12]
v5 S. carpocapsae Czechoslovakia [13] 64 S. xueshanense China [14]
6 S. intermedium Carolina, USA [15] 65 S. brazilense Brazil [16]
7 S. rarum Córdoba, 
Argentina
[17] 66 S. schliemanni Germany [18]
8 S. kushidai Shizuoka, Japan [19] 67 S. minutum Thailand [20]
9 S. ritteri Córdoba, 
Argentina
[21] 68 S. 
arasbaranense
Iran [22]
10 S. scapterisci Uruguay [23] 69 S. citrae South 
Africa
[24]
11 S. caudatum China [25] 70 S. nepalense Nepal [26]
12 S. neocurtillae Florida, USA [27] 71 S. surkhetense Nepal [28]
13 S. longicaudum China [29] 72 S. lamjungense Nepal [26]
14 S. cubanum Cuba [30] 73 S. phyllophagae Florida, 
USA
[31]
15 S. riobrave Texas, USA [32] 74 S. pui China [33]
16 S. puertoricense Loiza, Puerto 
Rico
[34] 75 S. changbaiense China [35]
17 S. bicornutum Serbia [36] 76 S. ethiopiense Ethiopia [37]
18 S. oregonense Oregon, USA [38] 77 S. tielingense China [39]
19 S. abbasi Sultanate of 
Oman
[40] 78 S. xinbinense China [41]
20 S. arenarium Russia [42] 79 S. 
cameroonense
Cameroon [43]
21 S. ceratophorum China [44] 80 S. nyetense Cameroon [43]
22 S. monticolum Korea [45] 81 S. sacchari South 
Africa
[46]
23 S. karii Kenya [47] 82 S. tophus South 
Africa
[48]
24 S. siamkayai Thailand [49] 83 S. huense Vietnam [50]
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S. No Species Place Reference S. 
No
Species Place Reference
26 S. loci Vietnam [53] 85 S. innovation South 
Africa
[54]
27 S. sangi Vietnam [55] 86 S. jeffreyense South 
Africa
[56]
28 S. thanhi Vietnam [53] 87 S. papillatum Venezuela [57]
29 S. pakistanense Karanchi, 
Pakistan
[58] 88 S. beitlechemi South 
Africa
[59]
30 S. asiaticum Pakistan [60] 89 S. pwaniensis Tanzania [61]
31 S. diaprepesi Florida [62] 90 S. fabii South 
Africa
[63]
32 S. anatoliense Turkey [64] 91 S. nguyeni South 
Africa
[65]
33 S. scarabaei New Jersey, 
USA
[66] 92 S. biddulphi South 
Africa
[67]
34 S. weiseri Czech Republic [68] 93 S. ralatorei Mexico [69]
35 S. apuliae Italy [70] 94 S. litchi South 
Africa
[71]





Indonesia [74] 96 S. khuongi Florida, 
USA
[75]
38 S. jollieti USA [76] 97 S. taiwanensis Taiwan [77]
39 S. litorale Japan [78] 98 S. bertusi South 
Africa
[79]
40 S. yirgalemense Ethiopia [80] 99 S. riojaense Spain [81]
41 S. aciari China [82] 100 S. sandneri Poland [83]
42 S. akhursti China [84] 101 S. batswanae South 
Africa
[85]
43 S. beddingi China [86] 102 H. 
bacteriophora
Australia [87]
44 S. robustispiculum Vietnam [88] 103 H. megidis USA [89]
45 S. silvaticum Germany [90] 104 H. zealandica South 
Africa
[91]
46 S. ashiuense Japan [92] 105 H. indica India [93]
47 S. backanense Vietnam [94] 106 H. marelatus Oregon, 
USA
[95]
48 S. cumgarense Vietnam [94] 107 H. taysearae Egypt [96]
49 S. sasonense Vietnam [94] 108 H. downesi Ireland [97]
50 S. eapokense Vietnam [94] 109 H. baujardi Vietnam [98]
51 S. khoisanae South Africa [99] 110 H. maxicana Mexico [100]
52 S. leizhouense China [101] 111 H. amazonensis Brazil [102]
53 S. sichuanense China [103] 112 H. floridensis Florida, 
USA
[104]
54 S. hebeiense China [105] 113 H. Georgiana Georgia, 
USA
[106]
55 S. costaricense Costa Rica [107] 114 H. safricana South 
Africa
[108]
56 S. puntauvense Costa Rica [107] 115 H. atacamensis Chili [109]
57 S. texanum Texas [110] 116 H. beicherriana China [111]





59 S. colombiense Colombia [114]
Table 1. 
List of valid Steinernema and Heterorhabditis species identified worldwide with geographical location and 
respective authority.
Nematodes - Recent Advances, Management and New Perspectives
4
1.2 Life cycle of EPNs
Steinernema and Heterorhabditis share the similar life cycles. Both genera 
balance between a free-living stage and a parasitic stage (Figure 1A-J). The 
free-living form of EPNs is protected from the environment by an external 
cuticle. Being encapsulated, the invasive EPN stage, called infective juvenile (IJ) 
corresponding to J3, are unable to feed because their mouth and anus are sealed 
[120]. They rather possess huge lipid storage to be able to survive outside a host 
for several months [121]. With comparable lipid reserves, it has been shown that 
the IJs of Steinernema survive longer in the environment than Heterorhabditis IJs, 
which can be explained by the motile behavior of IJs. It has been found that IJs of 
Steinernema nictate between 50 and 80% of their life time while Heterorhabditis 
IJs nictate between 70 and 90% [122]. As a result of which lipid reserves are 
consumed faster in the IJs of Heterorhabditis as compared to Steinernema. These 
IJs wait for insect larvae up to 20 cm deep in soil [123]. In case of Steinernema, 
IJs invade the insect larvae through natural openings such as the mouth, anus, 
spiracles and wounds [124]. However, in case of Heterorhabditis, the IJs penetrate 
the insect body by directly scratching their cuticle as they are equipped with a 
large anterior tooth [125, 126]. Once inside the host, IJs lose their cuticle and 
release the entomopathogenic bacteria (EPB) and this nematode- bacterium 
complex together is lethal for the insect host.
The IJs feed on the dead insect cadaver and mature into the fourth stage juveniles 
(J4) which differentiate into males and females, generally 3 days post insect infesta-
tion. After mating, the first generation (G1) females lay eggs, either in the external 
Figure 1. 
A-Nematodes enters into host insect; B,C- First generation female of Steinernematidae; D- First generation 
hermaphrodite female of Heterorhabditidae; E,F-Second generation female and male of Steinernematidae; 
G,H-Second generation of Amphimictic female and male of Heterorhabditidae; I,J-Infective juvenile (IJ) stage 
of Heterorhabditidae and Steinernematidae.
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medium or remaining in the maternal body, which hatch into the first-stage juveniles 
(J1). At that point, two scenarios are possible depending on the amount of food 
available in the insect cadaver. In case of scarce food, J1 molts into the second-stage 
juvenile (J2) within 2 or 3 days. Then J2 ceases to feed and molts into pre-infective 
stage juvenile, also called immature IJs, before becoming infective juvenile. Then 
the newly generated IJ emerge from the depleted insect cadaver to actively look for 
another susceptible insect prey. On the contrary, if food is abundant in the cadaver, 
then several generations of males and females can be produced in the same cadaver. 
After hatching from the G1 females’ eggs, J1 molt successively into J2, non-infective 
J3 and J4 developing into the second generation (G2) adults. After mating, G2 
females produce eggs that mature into J1, thereby initiating a new cycle. EPNs 
usually reproduce 2 or 3 generations before total depletion of the food resources 
in the insect cadaver occurs [124]. The entire reproductive cycle lasts between 7 
and 14 days, mainly depending on temperature, after insect invasion by IJs. Both 
Steinernema and Heterorhabditis females lay eggs in the insect cadaver after mating 
with males. Juveniles hatched from released eggs often develop into amphimictic 
adults [127].
The reproductive life cycle of most Steinernema involves both sexually 
differentiated partners, G1 males and females whilst all Heterorhabditis IJs 
develop into self-fertilizing hermaphrodite females after insect infection [91]. 
However the second generation produces amphimictic Heterorhabditis adults. 
Interestingly, IJs from the species of S. hermaphroditum can develop into self-
fertilizing hermaphrodite females just like Heterorhabditis IJs do. It has been 
argued that the uncommon feature of this Steinernema species supports the 
independent but convergent evolution with Heterorhabditis postulated by Poinar 
and described before [128]. As a consequence of the hermaphrodite repro-
duction of Heterorhabditis EPNs, the genetic diversity of offspring is highly 
decreased or impaired. The hermaphrodite behavior of Heterorhabditis allows 
infection by a single IJ molting into a hermaphrodite female while at least two 
Steinernema IJs have to invade an insect larva and develop into male and female 
[129]. Certainly, this provides a real advantage to the survival of Heterorhabditis 
species over Steinernema species.
Mating between males and females consists in introducing sperm to fertilize 
the female’s eggs. Male introduces its spicule to the vulva of female and produces 
spermatozoids and release them in vulva. The male’s sperm fertilizes female’s eggs 
in the uterus. For hermaphrodites, sperm is produced and stored into the sper-
matic vesicles described as distal swelling of the uterus. When the female starts 
laying eggs, they are automatically fertilized by the sperm contained within the 
spermatic vesicles [127, 130]. Since the females are larger in size, males have to 
find a way to scan the entire female body to be able to find the vulva. Male finds 
the vulva of the female body by the two ways. These two reproductive behaviors 
point out another distinction between Steinernema and Heterorhabditis i. e males 
stick to a female and slips all along the female body until it finds the vulva viz. 
both Heterorhabditis female and male heads are pointing in opposite direction 
[131]. The males act like a ring around the female body viz. Steinernema. The male 
coils around and all along the female body until it reaches the vulva [132]. Some 
mechanisms do exist to avoid several males copulating with the same female. In 
Heterorhabditis species, male leaves a mating plug closing the vulva after mating 
preventing other males to mate with the same female [93]. In Steinernema spe-
cies, it has been shown that virgin females produce some chemical attractants 
for males and their production decreases after mating [132]. However, in S. 
longicaudum, males need the presence of virgin conspecific females in their close 
environment [133].
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After mating, a lot of eggs are retained inside the EPN maternal body, offspring 
hatch and start feeding inside their maternal body. This phenomenon is known 
as endotokia matricida, the term comes from two Greek words “endo”, inside and 
“tocos”, birth and two Latin words “mater”, mother and “caedere”, kill. Endotokia 
matricida promotes in the scarce food condition supply, then, this condition occurs 
for the first generation of juveniles. It becomes then obvious that the size of the 
susceptible insect will affect the development and survival of EPNs. Few authors 
reported the inefficiency of Steinernema IJs to control micro-insect pests [134, 
135]. Steinernema, and Heterorhabditis, nematodes cannot persist for a long time in 
the environment if no larger insects are available to them for completing their life 
cycle [136].
1.3 Nematode movement and host location
The 3rd stage infective juveniles of Steinernema and Heterorhabditis move freely 
in soil in search of the host and have been distinguished into three categories on the 
basis of their host finding behaviors-: (i) cruisers- species whose IJs actively move 
through a substrate to find a host (ii) ambushers- species that employ a ‘sit and wait’ 
strategy that involves little displacement and active searching and (iii) intermedi-
ates- show both the types of behaviors [137]. All Heterorhabditis species are cruis-
ers [138]; however, Steinernema genus displays all three behaviors’. S. carpocapsae 
displays ambush behavior and S. feltiae shows intermediate behaviors [132]. Some 
ambushers have the characteristic feature to stand on the substrate. At the time of 
standing, IJs raise a portion of the anterior section of their body off the substrate, 
sometimes waving it back and forth, a process referred to as ‘nictation’. This process 
of nictation and standing is of varying duration, commonly observed in S. carpo-
capsae and showing this phenomenon over protracted periods of time [139]. Besides 
this, in some species of Steinernema, IJs have been observed to jump which helps 
them in traveling longer distances [140]. This jump behavior is utilized in dissemina-
tion and might sometimes serve as a search mechanism of these EPNs to attack at 
passing hosts [137, 141, 142]. This jumping and/or standing behavior is advantageous 
in ambushers to disperse easily and bridge large pores found in some substrates 
(loose, porous soils or organic litter) than cruisers that do not nictate and instead 
move across the surface of soil particles [140, 143]. As far as cruisers are concerned, 
they are thought to be attracted towards host by the host volatiles and host cues from 
a distance [144]. Ambushers like S. carpocapsae do not show any change in behavior 
to host cues, while cruisers like S. glaseri does show varying behaviors [145, 146].
Only 3rd stage of EPNs is considered as infective and pathogenic which is called 
the infective juvenile (IJ). Infective juveniles are the only free-living stage of EPNs, 
while other developmental stages are only found inside infected insect hosts. 
The IJs are stress tolerant, non-feeding, bacterial vectoring stages that seeks out 
insects to infect and kill. The IJs penetrate the host insect either through natural 
openings like spiracles, mouth, and anus or in some species through intersegmen-
tal membranes of the cuticle, and then enter into the homocoel [110, 125, 147]. 
Heterorhabditis species apart from natural openings also penetrate the insect host 
by abrading the skin. After penetrating into the skin, the IJs release cells of their 
symbiotic bacteria from their alimentary canal into the hemocoel (Figure 2). The 
bacteria multiply in the insect hemolymph, secrete toxins and targeted immune 
depressors that suppress the insect’s immune system resulting in death with 
24–48 hours [148, 149]. Photorhabdus and Xenorhabdus, two well-known bacterial 
symbionts of EPNs, are not only lethal to entomic fauna but also prevent oppor-
tunistic bacteria and fungi from utilizing the nutrient rich cadaver, sequestering 
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the resources for themselves and their nematode partners. The pathogenic bacteria 
always contribute to the virulence of the duo, and usually contribute the lion’s 
share. In some species, nematodes are believed to serve as carriers of bacteria and 
play very little role in the death of the host, while in others, nematodes are itself 
responsible for the death of the host by secreting a variety of protein products that 
degrade and digest the host tissues, in addition to weakening the host immune 
system. Till date, no nonbacterial associated EPNs are known to science even if 
some nematodes appear lethal on their own. The nematodes, after the death of 
the host, continue to feed upon the bacteria and liquefy cadaver tissues, develop 
into mature adults (male and female) and reproduce. If there is plenty of food, 
the IJs develop into second generation adults and continue their life cycle. One or 
more generations may develop within the cadaver depending on the availability 
of food resources and once the food is depleted in the cadaver, a large number of 
IJs are eventually released into the environment to infect other hosts and continue 
their life cycle [150–152]. The IJs can live for weeks on stored food reserves and 
for months by entering a near-anhydrobiotic state. Their persistence in the soil 
depends on two key features i.e. the availability of an insect host and their progeny 
production in that host.
The process of reproduction in heterorhabditid and steinernematid nematodes 
shows few differences. The IJ of steinernematids develop into amphimictic males 
and females in all the adult generations (gonochorisism) while in heterorhabditid 
nematode IJ develop into self-fertilizing hermaphrodites in the first generation 
and in second generation, produce males, females and hermaphrodites [153]. The 
insect cadaver becomes red if the insects are killed by heterorhabditids and brown 
or tan if killed by Steinernematids [150]. The color of the host body is indicative 
of the pigments produced by the monoculture of mutualistic bacteria growing in 
the hosts.
Figure 2. 
Life cycle of the Entomopathogenic nematodes inside the host insect.
Nematodes - Recent Advances, Management and New Perspectives
8
1.4 Taxonomy of entomopathogenic nematodes
Morphology is one of the major key components of classical taxonomy. It briefs 
out the genetic organization of organisms as genes themselves are expressed in 
the form of phenotype. Steinernema and Heterorhabditis are closely related genera 
under Rhabditida. Based on their morphology, they are very similar to each other, 
making them undistinguishable for a non-expert eye. However, detailed systematic 
feature keys have been developed by various nematologists and are currently used 
for the identification of EPN species [154]. Nematologists have provided detailed 
morphological differences between these two genera, including their families’ that 
are i.e. used in their precise identification. These include: (i) position of excre-
tory pore (EP) anterior to nerve ring (NR) in Steinernema and posterior to NR in 
Heterorhabditis, (ii) color variation in infected cadavers which appears black or no 
color change in Steinernema, while brick red in Heterorhabditis, (iii) cadaver show-
ing of bioluminescence when infected with Heterorhabditis, whereas in Steinernema 
bioluminescence is absent, (iv) Heterorhabditis associated with Photorhabdus bacte-
rial partners and Steinernema associated with Xenorhabdus [155].
Based on the length of IJs four ‘species groups’ have been created: glaseri group 
(IJ >1000 μm); feltiae group (IJ = 700–1000 μm); intermedium group (IJ = 600–
700 μm); corpocapsae group (IJ <600 μm). Another group ‘bicornutum’ have also 
been created, which is diagnosed by the presence of horn like structures on their 
labial region. The male reproductive apparatus spicule is the most discriminative 
features in identification of steinernematids, however in second generation males, 
spicules are more separated from each other [156, 157].
Adults (1st and 2nd generations) and IJs of Steinernema and Heterorhabditis show 
some distinctive morphological features which are important for the taxonomic point 
of view. These characteristics are tail length; position of excretory pore (EP) and 
nerve ring (NR), pharynx and neck length (PL), beside these, male acquires spicule 
and gubernaculum. The SEM studies of the 1st generation males reveal the compre-
hensive structure of gubernaculums and spicules [123, 158]; presence or absence of 
caudal mucron, disposition of the copulatory papillae, spermatozoon morphology 
[159] and presence or absence of small cuticular projections i.e. the epiptygmata, 
guarding the entrance of the of the female vagina. In case of IJs, lateral field, tail 
shape and length, head contour, cephalic horns etc. are some of the important charac-
teristic of taxonomic importance [160]. Measurements and analysis of these charac-
ters play an important role in proper identification of EPNs. For example, structure of 
vulva gives the taxonomists a comprehensible way in recognition of species.
Now-a-days, morphological characterization does not give reliable outcomes 
as there has been an increase in the number of species which makes the molecular 
characterization mandatory for the identification of species. Morphology is entirely 
dependent on the external features of the specimen; however, some genes have 
the tendency to not express themselves in the form of phenotype although they 
possess some conserved regions which are very important from the taxonomic 
point of view. Furthermore, morphology is a tedious task and requires good skilled 
taxonomists with the expertise in this area. This creates a demand for the molecular 
identification and validation of a particular species. Advancements in the molecular 
techniques help in the precise identification and placement of the species in its 
appropriate position in the classification. A number of molecular techniques are 
being used for more precise identification of EPNs like immunological techniques 
[161]; isoenzyme patterns [162]; total protein patterns [6] and RFLP detection 
within total genomic DNA [163–165]. Nowadays, regions of taxonomic importance 
which include the internal transcribed spacer (ITS) of the ribosomal DNA (rDNA) 
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repeat unit, 18S and 28S rDNA and the cytochrome oxidase subunit II (COII) are 
widely used for nematode identification [166–169].
With the advancement in molecular identification, techniques like polymerase 
chain reaction, amplification and sequencing of the amplified products of the con-
served areas became possible. 28S- and 18S rDNA are used compare the distant taxa 
that had diverged a long time ago. Besides this, IGS, ITS1, ITS2 and ETS are being 
used to compare the phylogeny of closely related species as compared to 28S and 18S 
rDNA genes [170]. D2D3 is highly variable expansion segment of 28S rDNA, which 
have been used for molecular taxonomy and phylogenetic relationship of the nema-
todes species [171]. 18S ribosomal DNA sequences are used to find out the unknown 
as well as new species of the nematodes by correlating sequence variations with 
the genetic differences among the nematode populations [172]. Comparison of 
the small ribosomal RNA (18S rRNA) nucleotide sequence allows distinguishing 
steinernematidae from heterorhabditidae [173–175]. Due to its high variability, the 
ITS sequence lying between the 18S and 28S rRNA genes can be used to distinguish 
between Steinernema and Heterorhabditis at the species level [176, 177]. However, 
ITS sequence analysis is not always sensitive enough and other molecular markers 
may be required for better identification. The 28S rRNA gene [178], the mitochon-
drial cytochrome oxidase II (COII)-16S rDNA region and the ND4 mitochondrial 
gene have been used for that purpose [175, 177, 179].
2. Entomopathogenic nematodes as bio-agents against insect pests
India is a power house of agriculture and has made a great improvement in agri-
culture, but the crops are damaged by more than 10, 000 species of insects, 30, 000 
species of weeds, 1, 00, 000 diseases (caused by fungi, viruses, bacteria and other 
microorganisms) and 1, 000 species of nematodes [180, 181]. To reduce global crop 
losses, it has been estimated that around US $ 40 billion are used annually world-
wide for the application of 3 million metric tons of pesticides, plus the use of vari-
ous biological and other non-chemical controls worldwide [182, 183]. Out of total 
70,000 estimated pests destroying 35–40% crops, insects are contributing around 
14% [183]. To feed a large population of our country, the surge for production of 
horticultural crops is increasing day by day, due to indiscriminate, unfettered, 
non judicious and rampant use of chemical pesticides and fertilizers and without 
their use, it is very likely that pests would consume higher percentage and cause 
huge losses to productivity. A recent United Nations report (2017) assessed that 2, 
00, 000 people across the world die per year from toxic exposure of pesticides and 
cancer problems are increasing from past few years which are directly or indirectly 
linked to pesticide poisoning (https://www.aljazeera.com/news/2017/03/200000-
die-year-pesticide-poisoning-170308140641105.html). Currently, agronomists 
search for alternate approaches of pest control which are eco-friendly and cost 
effective like the use of biocontrol agents. One of the earliest examples of classi-
cal biological control targeting an insect pest in an agricultural setting is the use 
of the vedalia beetle, Rodolia cardinalis, which was introduced to citrus groves in 
California from Australia in the late 19th century to counteract the cottony cushion 
scale, Icerya purchasi [184]. Since then, biological control organisms such as fungi, 
bacteria and EPNs have been used against various insect pests [185–187]. EPNs are 
important biological control agents and their potential as alternatives to chemical 
pesticides for controlling pesky insects was recognized early on and they have been 
subjected to extensive laboratory and field testing [188]. EPNs are safe to most 
non-target organisms and the environment, are easy to apply, and are compatible 
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with most agricultural chemicals [149]. They also have a broad host range, ability 
to search for pests, and a potential to reproduce after application [149]. EPN based 
formulations are commercially available for pest control in home gardens and are 
commonly marketed as ‘beneficial nematodes’. Several species of EPNs were evalu-
ated for their pathogenicity against different pests like Heterorhabditis bacteriophora 
was noticed good control agent for controlling Ceratiti scapitata [189] while H. 
zealandica was tested for its ability to control Planococcus citri, the citrus mealy bug 
[190–192].
The species specific EPNs are being used worldwide as biocontrol agents under 
different trade names viz. Ecomask, Savoir Weevil larvae, Guardian, J-3 Max, 
Heteromask, Lawn Patrol, Scanmask, Entonem, Nemasys etc. and have provided 
excellent results against the entomic fauna. In United Kingdom and Europe, 
Bionema company and E-nema company respectively are commercially producing 
formulations of EPNs so as use them in biological control of different pests and earn 
millions of US $ every year.
3. The future of EPN systematics: integrating molecules and morphology
Important contribution by various workers seems to be low because nematodes 
belong to the phylum which is taxonomically, ecologically and geographically 
diverse group. Nematodes usually comprise 90% of metazoan fauna and a very 
large number of these creatures are waiting for their discovery. Because the number 
of species is far from the identified species, progress in this field is still continue 
and new species are being added but it need tremendous research effort to know 
the “monopolized kingdom of nematode very well”. Lack of adequate taxonomic 
expertise and non-availability of literature on various described species have been 
major constraints to identify the species of nematode parasites of insects [193].
The taxonomy of EPNs using molecular tools has made EPN systematics a lot 
more exciting, and probably will continue to do so in future. The rapid develop-
ment of molecular techniques promoted the description of several new species and 
has become the technique of choice for diagnosing EPNs [194]. But morphological 
investigation too is important and therefore, it would be a mistake to replace tradi-
tional (morphological) methods with molecular techniques. The better procedure 
therefore, is the use of combination of both the approaches which offers a more 
resourceful perspective for resolving a variety of questions in nematode taxonomy, 
and particularly for EPNs. The molecular tools should be supplemented with 
morpho-taxometrical and hybridization tests for validation of a new species. It was 
found that the combined dataset of molecular and morphology represented the 
best working of evolutionary history for Steinernema [180]. It has been suggested 
that most morphological features are not phylogenetically informative because they 
represent plesiomorphic (ancestral) states or are highly homoplasious (caused by 
convergent or parallel evolution) [195]. For example, presence of less than 8 ridges in 
the lateral field of infective juveniles, a feature that has been emphasized as indicator 
of relationship among species, represents an ancestral state. Likewise, the absence of 
an epiptygma in the 1st generation female vulva is also a plesiomorphic state. Other 
features such as presence/absence of a tail mucron, spicule morphology, or presence 
of a velum in the male spicules, were depicted as highly homoplasious. Only two fea-
tures, presence/absence of lamina notch and presence/absence of tail spines, had sig-
nificance from a phylogenetic perspective as they were depicted as autapomorphies 
(unique derived characters). Most nematologists preferred molecular and morpho-
logical tools to be complementary tools in EPN systematics. Both approaches present 
advantages and disadvantages, and also reflect different evolutionary mechanisms, 
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but together provided a more comprehensive view of EPN evolution. The best 
approach to studying the relationship between EPN species and to determine new 
species is to integrate both morphological and molecular techniques [76, 196].
Acknowledgements
The authors are thankful to Department of Science and Technology (DST), 
New Delhi for providing financial assistance through DST WOS-A (SR/
WOS-A/LS-1083/2014) to Aasha and DST Inspire Fellowship/2014/76 to Aashaq 
Hussain Bhat.
Conflict of interest
“The authors declare no conflict of interest.”
Nematodes - Recent Advances, Management and New Perspectives
12
Author details
Himani Sharma1, Aasha Rana1,3*, Aashaq H. Bhat1,2 and Ashok K. Chaubey1
1 Nematology Laboratory, Department of Zoology, Chaudhary Charan Singh 
University, Meerut, Uttar Pradesh, India
2 Department of Zoology, Government Degree College, Uttersoo, Anantnag, 
Jammu and Kashmir, India
3 Department of Environmental Sciences, Chaudhary Charan Singh University 
Meerut, India
*Address all correspondence to: aasha.aasharana@ymail.com
© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
13
Entomopathogenic Nematodes: Their Characterization, Bio-Control Properties and New…
DOI: http://dx.doi.org/10.5772/intechopen.99319
References
[1] Flint ML, Dreistadt SH. Natural 
enemies’ handbook, the illustrated 
guide to biological pest control. 1998. 
pp.2-35.
[2] Dillman AR, Guillermin ML, Lee JH, 
Kim B, Sternberg PW, Hallem EA. 
Olfaction shapes host-parasite 
interactions in parasitic nematodes. 
PNAS USA. 2012;109(35):E2324-E2333. 
PubMed: 22851767.
[3] Bhat AH, Chaubey AK, Askary TH. 
Global distribution of 
entomopathogenic nematodes, 
Steinernema and Heterorhabditis. Egypt 
J Biol Pest Control 30, 31 (2020). 
https://doi.org/10.1186/
s41938-020-0212-y
[4] Steiner G. Aplectana kraussei n. sp., 
eine in der Blattwespe Lyda sp. parasitier 
ende Nematoden form, nebst 
Bemerkungen über das Seitenorgan der 
parasitischen Nematoden. Zentralblatt 
für Bakteriologie, Parasitenkunde, 
Infektions krankheiten und Hygiene, 
Abteilung II . 1923;59:14-18.
[5] López-Núñez JC, Plichta K, 
Góngora-Botero CE, Stock SP. A new 
entomopathogenic nematode, 
Steinernema colombiense n. sp. 
(Nematoda: Steinernematidae) from 
Colombia. Nematol. 2008;10:561-574.
[6] Poinar GO, Kozodai EM. 
Neoaplectana glaseri and N. anomali: 
sibling species or parallelism? Revue de 
Nematologie. 1988;11:13-19.
[7] Tarasco E, Mráček Z, Nguyen KB, 
Triggiani O. Steinernema ichnusae sp. n. 
(Nematoda: Steinernematidae) a new 
entomopathogenic nematode from 
Sardinia Island (Italy). J. Invertebr. 
Pathol. 2008;99(2):173-185.
[8] Glaser RW, Fox H. A nematode 
parasite of the Japanese beetle (Popillia 
japonica Newm.). Sci. 1930;71:16-17.
[9] Edgington S, Buddie AG, Tymo L, 
Hunt DJ, Nguyen KB, France AI, 
Merino LM, Moore D. Steinernema 
australe n. sp. (Panagrolaimomorpha: 
Steinernematidae), a new 
entomopathogenic nematode from Isla 
Magdalena, Chile. Nematol. 
2009;11:699-717.
[10] Filipjev IN. Miscellanea 
Nematologica 1. Eine neue Art der 
Gattung Neoaplectana Steiner nebst 
Bermerkungen über die systematische 
Stellung der letzteren. 
Parazitologichesky. 1934;4:229-240.
[11] Bovein P. Some types of association 
between nematodes and insects. 
Videnskabelige Meddelelser Fra Dansk 
Naturhistorisk Forening, Kobenhavn, 
1937;101:1-114.
[12] Edgington S, Buddie AG, Tymo L, 
France AI, Merino LM, Hunt DJ. 
Steinernema unicornum sp. n. 
(Panagrolaimomorpha: 
Steinernematidae), a new 
entomopathogenic nematode from 
Tierra del Fuego, Chile. J. Nematode 
Morphol. System. 2009;12:113-131.
[13] Weiser J. Neoaplectana carpocapsae 
n. sp. (Anguillulata: Steinernematinae), 
novy cizopasník housenek obaleče 
jablečného, Carpocapsa pomonella L. 
Věstník Českoslovaenské Zoologické 
Společynosti. 1955;19:44-52.
[14] Lee MM, Sicard M, Skeie M, 
Stock SP. Steinernema boemarei n. sp. 
(Nematoda: Steinernematidae), a new 
entomopathogenic nematode from 
southern France. Syst. Parasitol. 
2009;72:127-141.
[15] Poinar GOJr. Neoaplectana 
intermedia n. sp. (Steinernematidae: 
Nematoda) from South Carolina. 
Nematol. 1986;8:321-327.
[16] Mrácek Z, Liu QZ, Nguyen KB. 
Steinernema xueshanense n. sp. 
Nematodes - Recent Advances, Management and New Perspectives
14
(Rhabditida, Steinernematidae), a new 
species of entomopathogenic nematode 
from the province of Yunnan, southeast 
Tibetan Mts., China. J. Inver. Path. 
2009;102: 69-78.
[17] Doucet MMA. A new species of 
Neoaplectana Steiner, 1929 (Nematoda: 
Steinernematidae) from Cordoba, 
Argentina. Nematol. 1986;9:317-323.
[18] Nguyen KB, Ginarte CMA, Leite L, 
Santos JM, Harakava R. Steinernema 
brazilense n. sp. (Rhabditida: 
Steinernematidae), a new 
entomopathogenic nematode from Mato 
Grosso, Brazil. J. Inver. Path. 
2010;103:8-20.
[19] Mamiya Y. Steinernema kushidain. 
sp. (Nematoda: Steinerne-matidae) 
associated with scarabaeid beetle larvae 
from Shizuoka, Japan. Appl. Entomol. 
Zool. 1988;23:313-320.
[20] Spiridonov SE, Waeyenberge L, 
Moens M. Steinernema schliemanni sp. n. 
(Steinernematidae; Rhabditida) – a new 
species of steinernematids of the 
‘monticolum’ group from Europe. Russ. 
J. Nematol. 2010;12:175-190.
[21] Doucet MMA, Doucet ME. 
Description of Steinernema ritteri n. sp. 
(Nematoda: Steinemematidae) with a 
key to the species of the genus. 
Nematologica. 1990;36:257-265.
[22] Maneesakorn P, Grewal PS, 
Chandrapatya A. Steinernema minutum 
sp. nov. (Rhabditida: Steinernema): a 
new entomopathogenic from Thailand. 
Int. J. Nematol. 2010;20:27-42.
[23] Nguyen KB, Smart GC Jr. 
Addendum to the morphology of 
Steinernema scapterisci, J. Nematol. 
1992;24:478-481.
[24] Nikdel M, Niknam GR, Ye W. 
Steinernema arasbaranense n. sp. 
(Nematoda: Steinernematidae), a new 
entomopathogenic nematode from 
Arasbaran forests, Iran. Nematol. Med. 
2011;39:17-28.
[25] Xu Z, Wang G, Li X. A new species 
of the genus Steinernema (Rhabditida: 
Steinernematidae). Zoo. Res. 
1991;12:17-20.
[26] Stokwe NF, Malan AP, Nguyen KB, 
Knoetze R, Tiedt L. Steinernema citrae n. 
sp. (Rhabditida: Steinernematidae), a 
new entomopathogenic nematode from 
South Africa. Nematol. 2011;13:569-587.
[27] Nguyen K, Smart G. Steinernema 
neocurtillis n. sp. (Rhabditida: 
Steinernematiclae) and a Key to Species 
of the Genus Steinernema. J Nematol. 
1992;24(4):463-77.
[28] Khatri-Chhetri HB, Waeyenberge L, 
Spiridonov S, Manandhar HK, 
Moens M. Two new species of 
Steinernema Travassos, 1927 with short 
infective juveniles from Nepal. Russ. J 
Nematol. 2011;19:53-74.
[29] Shen CP, Wang GH. Description and 
studies of an entomopathogenic 
nematode: Steinernema longicaudum sp. 
nov. In: Proceedings of the first national 
academy symposium of young and 
middle aged science and technology 
workers on plant protection, Beijing, 
China. Chinese Science and Technology 
Press, Beijing. 1992; 220-231.
[30] Khatri-Chhetri, Hari B, 
Waeyenberge L, Moens M, 
Spiridonov S, Manandhar HK. 
Steinernema lamjungense n. sp. 
(Rhabditida: Steinernematidae), a new 
species of entomopathogenic nematode 
from Lamjung district, Nepal. Nematol. 
2011;13(5):589-605.
[31] Mráček Z, Hernandez EA, 
Boemare NE. Steinernema cubana sp. n. 
(Nematoda: Rhabditida: 
Steinernematidae) and the preliminary 
characterization of its associated 
bacterium. J. Inver. Path. 
1994;64:123-129.
15
Entomopathogenic Nematodes: Their Characterization, Bio-Control Properties and New…
DOI: http://dx.doi.org/10.5772/intechopen.99319
[32] Cabanillas HE, Poinar Jr GO, 
Raulston JR. Steinernema riobravis n. sp. 
(Rhabditida: Steinernematidae) from 
Texas. Fundam. Appl. Nematol. 
1994;17:123-131.
[33] Nguyen KB, Buss EA. Steinernema 
phyllophagae n. sp. (Rhabditida: 
Steinernematidae), a new 
entomopathogenic nematode from 
Florida, USA. Nematol. 
2011;13:425-442.
[34] Román J, Figueroa W. Steinernema 
puertoricensis n. sp. (Rhabditida: 
Steinernematidae), a new 
entomopathogenic nematode from 
Puerto Rico. J. Agril. Univ. Puerto. Rico. 
1994;78:167-175.
[35] Qiu L, Zhao J, Wu Z, Lv Z, Pang Y. 
Steinernema pui sp. n. (Rhabditida, 
Steinernematidae), a new 
entomopathogenic nematode from 
Yunnan, China, Zootaxa. 
2011;2767:3-11.
[36] Tallosi B, Peters A, Ehlers R-U. 
Steinernema bicornutum sp. n. 
(Rhabditida: Steinernematidae) from 
Vojvodina, Yugoslavia. Russ. J. Nematol. 
1995;3:71-80.
[37] Ma J, Chen S, Clercq DEP, Han R, 
Moens M. Steinernema changbaiense sp. 
n. (Rhabditida: Steinernematidae), a 
new species of entomopathogenic 
nematode from Northeast China. Russ. 
J. Nematol. 2012a;20:97-12.
[38] Liu J, Berry RE. Steinernema 
oregonensis n. sp. (Rhabditida: 
Steinernematidae) from Oregon, USA. 
Fundam. Appl. Nematol. 
1996;19:375-380.
[39] Tamirou T, Waeyenberg L, 
Tesfaye H, Ehlers R-U, Půža V, 
Mráček Z. Steinernema ethiopiense sp. n. 
(Rhabditida: Steinernematidae), a  
new entomopathogenic nematode  
from Ethiopia. Nematol.2012;14: 
741-757.
[40] Elawad SA, Ahmad W, Reid A. 
Steinernema abbasi sp. n. (Nematoda: 
Steinernematidae) from the Sultanate of 
Oman. Fundam. Appl. Nematol. 
1997;20:433-442
[41] Ma J, Shulong C, Li, X, Richou H, 
Hari B, Khatri-Chhetri, Patrick DC, 
Maurice M. A new entomopathogenic 
nematode, steinernema tielingense n. sp. 
(Rhabditida: Steinernematidae), from 
North China. Nematol. 
2012;14(3):321-338.
[42] Artyukhovsky AK. Neoaplectana 
arenaria nov. sp. (Steinernematidae, 
Nematoda) inducing nematode disease 
in chafers of the Voronezh region. Trudy 
Voroneszhskogo Gosudarstvennogo 
Zapovednika. 1967;15:94-100.
[43] Ma J, Chen S, De Clercq P, 
Waeyenberge L, Han R, Moens M. A 
new entomopathogenic nematode, 
Steinernema xinbinense n. sp. 
(Nematoda: Steinernematidae), from 
North China. Nematol. 
2012;14(6):723-739.
[44] Jian B, Reid AP, Hunt DJ. 
Steinernema ceratophorum n. sp. 
(Nematoda: Steinernematidae) a new 
entomopathogenic nematode from 
northeast China. Syst. Parasitol. 
1997;37:115-125.
[45] Ngo Kanga F, Phap QT, 
Waeyenberge L, Spiridonov SE, 
Hauser S, Moens M. Two new species of 
Steinernema Travassos, 1927 from the 
humid forest of southern Cameroon. 
Russ. J. Nematol. 2012;20:15-26.
[46] Stock SP, Choo HY, Kaya HK. An 
entomopathogenic nematode, 
Steinernema monticolum sp. n. 
(Rhabditida: Steinernematidae) from 
Korea with a key to other species. 
Nematologica. 1997;43:15-29.
[47] Waturu CN, Hunt DJ, Reid AP. 
Steinernema karii sp. n. (Nematoda: 
Steinernematidae), a new 
Nematodes - Recent Advances, Management and New Perspectives
16
entomopathogenic nematode from 
Kenya. Int. J. Nematol. 1997;7:65-75.
[48] Nthenga I, Malan AP, Knoetze R, 
Tiedt LR, Berry S. Steinernema sacchari 
n. sp. (Rhabditida: Steinernematidae), a 
new entomopathogenic nematode from 
South Africa. Nematol. 2014; 16(4):475-
494. doi:10.1163/15685411-00002780
[49] Stock SP, Somsook V, Reid A. 
Steinernema siamkayai n. sp. 
(Rhabditida: Steinernematidae), an 
entomopathogenic nematode from 
Thailand. Syst. Parasitol. 
1998;41:105-113.
[50] Çimen H, Lee MM, Hatting J, 
Hazir S, Stock SP. Steinernema tophus sp. 
n. (Nematoda: Steinernematidae), a 
new entomopathogenic nematode from 
South Africa. Zootaxa. 2014; 
3821:337-353.
[51] Luc PV, Nguyen KB, Reid AP, 
Spiridonov SE. Steinernema tami sp. n. 
(Rhabditida: Steinernematidae) from 
Cat Tein Forest, Veitnam. Russ. J. 
Nematol. 2000;8:33-43.
[52] Phan KL, Mrácek Z, Půža V, 
Nermuť J, Jarošová A. Steinernema 
huense sp. n., a new entomopathogenic 
nematode (Nematoda: 
Steinernematidae) from Vietnam. 
Nematol. 2014;16: 761-775.
[53] Phan KL, Nguyen NC, Moens M. 
Steinernema loci sp. n. and Steinernema 
thanhi sp. n. (Rhabditida: 
Steinernematidae) from Vietnam. 
Nematol. 2001;3:503-514.
[54] Mráček Z, Půža V, Nermut’ J. 
Steinernema poinari sp. n. (Nematoda: 
Steinernematidae) a new 
entomopathogenic nematode from the 
Czech Republic. Zootaxa. 
2014;3760:336-350.
[55] Phan KL, Nguyen NC, Moens M. 
Steinernema sangi sp. n. (Rhabditida: 
Steinernematidae) from Vietnam. Russ. 
J. Nematol. 2001;9:1-7.
[56] Çimen H, Lee MM, Hatting J, 
Hazir S, Stock SP. Steinernema 
innovationi n. sp. (Panagrolaimomorpha: 
Steinernematidae), a new 
entomopathogenic nematode species 
from South Africa. Helminthol. 
2015;89:415-427.
[57] Malan AP, Knoetze R, Tiedt L. 
Steinernema jeffreyense n. sp. 
(Rhabditida: Heterorhabditidae), a new 
entomopathogenic nematode from 
South Africa. Helminthol. 
2015;90:262-278.
[58] Shahina F, Anis M, Reid AP, Rowe J, 
Maqbool MA. Steinernema pakistanense 
sp. n. (Rhabditida: Steinernematidae) 
from Pakistan. Int. J. Nematol. 
2001;11:124-133.
[59] San-Blas E, Portillo E, Nermut’ J, 
Půža V, Morales-Montero P. Steinernema 
papillatum n. sp. (Rhabditida: 
Steinernematidae), a new 
entomopathogenic nematode from 
Venezuela. Nematol, 2015;17:1081-1097.
[60] Anis M, Shahina F, Reid AP, Rowe J. 
Steinernema asiaticum sp. n. 
(Rhabditida: Steinernematidae) from 
Pakistan. Int. J. Nematol. 
2002;12:220-231.
[61] Hazir S, Faktorová, L, Çimen H, 
Nermuť J, Půža V Ramakuwela T, 
Hatting J. Steinernema beitlechemi n. sp., 
a new entomopathogenic nematode 
(Nematoda: Steinernematidae) from 
South Africa: Nematol. 
2016;18(4):439-453.
[62] Nguyen KB, Duncan LW. 
Steinernema diaprepesi n. sp. 
(Rhabditida: Steinernematidae), a 
parasite of the citrus weevil Diaprepes 
abbreviatus (L.) (Coleoptera: 
Curculionidae). J. Nematol. 
2002;34:159-170.
17
Entomopathogenic Nematodes: Their Characterization, Bio-Control Properties and New…
DOI: http://dx.doi.org/10.5772/intechopen.99319
[63] Půža V, Nermut J, Mráček Z 
Gengler S, Haukeland S. Steinernema 
pwaniensis n. sp., a new 
entomopathogenic nematode 
(Nematoda: Steinernematidae) from 
Tanzania. Helminthol. 2017;91(1):20-
34. doi:10.1017/s0022149x15001157
[64] Hazir S, Stock SP, Keskin N. A new 
entomopathogenic nematode, 
Steinernema anatoliense n. sp. 
(Rhabditida: Steinernematidae), from 
Turkey. Syst. Parasitol. 2003;55:211-220.
[65] Abate BA, Malan AP, Tiedt LR, 
Wingfield MJ, Slippers B, Hurley BP. 
Steinernema fabii n. sp. (Rhabditida: 
Steinernematidae), a new 
entomopathogenic nematode from 
South Africa. Nematol. 2016;18:235-255.
[66] Stock SP, Koppenhöfer AM. 
Steinernema scarabaei n. sp. (Rhabditida: 
Steinernematidae), a natural pathogen 
of scarab beetle larvae (Coleoptera: 
Scarabaeidae) from New Jersey, USA. 
Nematol. 2003;5:191-204.
[67] Malan AP, Knoetze R, Tiedt L. 
Steinernema nguyeni n sp. (Rhabditida: 
Steinernematidae), a new 
entomopathogenic nematode from 
South Africa. Nematol. 2016;18:571-590.
[68] Mráček Z, Sturhan D, Reid A. 
Steinernema weiseri n. sp. (Rhabditida, 
Steinernematidae), a new 
entomopathogenic nematode from 
Europe. Syst. Parasitol. 2003;56:37-47.
[69] Cimen H, Půža V, Nermuť J, Hatting J, 
Ramakuwela T, Hazir S. Steinernema 
biddulphi n. sp., a new entomopathogenic 
nematode (Nematoda: Steinernematidae) 
from South Africa. J. Nematol. 
2016;48:148-158.
[70] Triggiani O, Mráček Z, Reid A. 
Steinernema apuliae sp. n. (Rhabditida: 
Steinernematidae): a new 
entomopathogenic nematode from 
southern Italy. Zootaxa. 2004;460:1-12.
[71] Grifaldo-Alcantara PF, 
Alatorre-Rosas R, Segura-León O, 
Hernandez-Rosas F. Steinernema 
ralatorei n.sp. isolated from sugarcane 
areas at Veracruz, Mexico. Southwestern 
Entomologist. 2017;42:171-190.
[72] Qiu L, Fang Y, Zhou Y, Pang Y, 
Nguyen KB. Steinernema guangdongense 
sp. n. (Nematoda:Steinernematidae) a 
new entomopathogenic nematode from 
southern China with a note on S. 
serratum (nomen nudum). Zootaxa. 
2004;704:1-20.
[73] Steyn WP, Knoetze R, Tiedt TR, 
Malan AP. Steinernema litchii n. sp. 
(Rhabditida: Steinernematidae), a new 
entomopathogenic nematode from 
South Africa. Nematol. 
2017;19:1157-1177.
[74] Stock SP, Griffin CT, Chaerani R. 
Morphological and molecular 
characterization of Steinernema 
hermaphroditum n. sp. (Nematoda: 
Steinernematidae), an 
entomopathogenic nematode from 
Indonesia, and its phylogenetic 
relationships with other members of the 
genus. Nematol. 2004;6:401-412.
[75] Gorgadze O, Fanelli E, 
Lortkhipanidze M, Troccoli A, 
Burjanadze M, Tarasco E, Luca FD. 
Steinernema borjomiense n. sp. 
(Rhabditida: Steinernematidae), a new 
entomopathogenic nematode from 
Georgia. Nematol. 2018;pp. 1-17.
[76] Spiridonov SE, Krasomil-Osterfeld K, 
Moens M. Steinernema jollieti sp. n. 
(Rhabditida: Steinernematidae), a new 
entomopathogenic nematode from the 
American Midwest. Russ. J. Nematol. 
2004;12:85-95.
[77] Stock SP, Campos-Herrera R, 
El-Borai FE, Duncan LW. S. khuongi n. 
sp. (Panagrolaimomorpha, 
Steinernematidae), a new 
entomopathogenic nematode species 
Nematodes - Recent Advances, Management and New Perspectives
18
from Florida, USA. Helminthol, 2018;1-
16. doi:10.1017/s0022149x18000081
[78] Yoshida M. Steinernema litorale n. 
sp. (Rhabditida:Steinernematidae), a 
new entomopathogenic nematode from 
Japan. Nematol. 2004;6:819-838.
[79] Tseng CT, Hou RF, Tang LC. 
Steinernema taiwanensis n. sp. 
(Rhabditida: Steinernematidae), a new 
entomopathogenic nematode from 
Taiwan. Zootaxa 2018;4434:466-480.
[80] Nguyen KB, Tesfamariam M, 
Gozel U, Gaugler R, Adams BJ. 
Steinernema yirgalemense n. sp. 
(Rhabditida: Steinernematidae) from 
Ethiopia. Nematol. 2004;6:839-856.
[81] Katumanyane A, Malan AP, 
Tiedt LR, Hurley BP. Steinernema bertusi 
n. sp. (Rhabditida: Steinernematidae), a 
new entomopathogenic nematode from 
South Africa. Nematol. 2020; 
22:343-360.
[82] Qiu L, Yan Y, Zhou Y, Nguyen KB, 
Pang Y. Steinernema aciari sp n. 
(Nematoda: Steinernematidae), a new 
entomopathogenic nematode from 
Guangdong, China. J. Inver. Path. 
2005a;88:58-69.
[83] Půža V, Campos-Herrera R, 
Blanco-Pérez R, Jakubíková H, 
Vicente-Díez I, Nermuť J. Steinernema 
riojaense n. sp., a new entomopathogenic 
nematode (Nematoda: 
Steinernematidae) from Spain. 
Nematol. 2020;22:825-844. https://doi.
org/10.1163/15685411-00003343.
[84] Qiu L, Hu X, Zhou Y, Mei S, 
Nguyen KB, Pang Y. Steinernema 
akhursti n. sp. (Nematoda: 
Steinernematidae) from Yunnan, China. 
J. Inver. Path. 2005b;90:151-160.
[85] Lis M, Sajnaga E, Skowronek M, 
Wiater A, Rachwał K, Kazimierczak W. 
Steinernema sandneri n. sp. 
(Rhabditida: Steinernematidae), a new 
entomopathogenic nematode from 
Poland. J. of Nematol. 2021;53:1-24.
[86] Qiu L, Hu X, Zhou Y, Pang Y, 
Nguyen, KB. Steinernema beddingi n. sp. 
(Nematoda: Steinernematidae), a new 
entomopathogenic nematode from 
Yunnan, China. Nematol. 
2005;7:737-749.
[87] Poinar GO Jr. Description and 
biology of a new insect parasitic 
rhabitoid, Heterorhabditis bacteriophora 
n. gen. n. sp. (Rhabditida; 
Heterorhabditidae n. family).
Nematologica, 1976;21: 463-470.
[88] Phan KL, Subbotin SA, 
Waeyenberge L, Moens M. A new 
entomopathogenic nematode, 
Steinernema robustispiculum n. sp. 
(Rhabditida: Steinernematidae) from 
Chumomray National Park in Vietnam. 
Syst. Parasitol. 2005;60:23-32.
[89] Poinar GO Jr, Jackson T, Klein M. 
Heterorhabditis megidis sp. n. 
(Heterorhabditidae: Rhabditidia), 
parasitic in Japanese beetle, Popillia 
japonica (Scarabidae: Coleoptera), in 
Ohio. Proc. Helminthol. Soc. Wash. 
ISSN: 0018-0130 1987;53:53-59.
[90] Sturhan D, Spiridonov SE, 
Mráček Z. Steinernema silvaticum  
sp. n. (Rhabditida: Steinernematidae),  
a new entomopathogenic nematode 
from Europe. Nematol. 2005;7: 
227-241.
[91] Poinar GO Jr. Taxonomy and  
biology of Steinernematidae and 
Heterorhabitidae. In: Enromopathogenic 
Nemartodes in Biological Control 
(Gaugler R and Kaya HK, eds.). Boca 
Raton, FL, USA, CRC Press. 1990. 
pp. 23-61.
[92] Phan LK, Takemoto S, Futai K. 
Steinernema ashiuense sp. n. (Nematoda: 
Steinernematidae), a new 
entomopathogenic nematode from 
Japan. Nematol. 2006b;8:681-690.
19
Entomopathogenic Nematodes: Their Characterization, Bio-Control Properties and New…
DOI: http://dx.doi.org/10.5772/intechopen.99319
[93] Poinar GO Jr, Karunakar GK, 
David H. Heterorhabditis indicus n. sp. 
(Rhabditida, Nematoda) from India: 
separation of Heterorhabditis spp. by 
infective juveniles. Fundam. Appl. 
Nematol. 1992;15:467-472.
[94] Phan KL, Spiridonov SE, 
Subbotin SA, Moens M. Four new 
species of Steinernema Travassos, 1927 
with short infective juvenile from 
Vietnam. Russ. J. Nematol. 
2006;14:11-29.
[95] Liu J, Berry RE. Heterorhabditis 
marelatus n. sp. 
(Rhabditida:Heterorhabditidae) from 
Oregon. J. Invertebr. Pathol. 
1996;67:48-54.
[96] Shamseldean MM, Abou 
El-Sooud AB, Abd-Elgawad, MM, Saleh, 
MM. Identification of a new 
Heterorhabditis species from Egypt, 
Heterorhabditis taysearae n. sp. 
(Rhabditida: Heterorhabditidae). Egypt. 
J. Biol. Pest Co.1996;6:129-138.
[97] Stock SP, Griffin CT, Burnell AM. 
Morphological characterization of three 
isolates of Heterorhabditis Poinar, 1976 
from the ‘Irish group’ (Nematoda: 
Rhabditida: Heterorhabditidae) and 
additional evidence supporting their 
recognition as a distinct species, H. 
downesi n. sp. Syst. Parasitol. 
2002;51:95-106.
[98] Phan KL, Subbotin SA, Nguyen NC, 
Moens M. Heterorhabditis baujardi sp. n. 
(Rhabditida: Heterorhabditidae) from 
Vietnam and morphometric data for H. 
indica populations. Nematol, 2003;5: 
367-382.
[99] Nguyen KB, Malan AP, Gozel U. 
Steinernema khoisanaen. sp. (Rhabditida: 
Steinernematidae), anew 
entomopathogenic nematode from 
South Africa. Nematol. 2006;8:157-175.
[100] Nguyen K, James R, McCoy C, 
Adams B Stuart R, Shapiro-Ilan D. 
Heterorhabditis mexicana n. sp. 
(Rhabditida: Heterorhabditidae) from 
Tamaulipas, Mexico, and morphological 
studies of the bursa of Heterorhabditis 
spp. Nematol. 2004;6(2): 231-244. 
doi:10.1163/1568541041218031
[101] Nguyen KB, Qiu L, Zhou Y, Pang Y. 
Steinernema leizhouense sp. n. 
(Nematoda: Steinernematidae), a new 
entomopathogenic nematode from 
southern China. Russ. J. Nematol. 
2006;14(2):101-118.
[102] Andaló V, Nguyen KB, Moino A. 
Heterorhabditis amazonensis n. sp. 
(Rhabditida: Heterorhabditidae) from 
Amazonas, Brazil. Nematol. 
2006;8:853-867.
[103] Mráček Z, Nguyen KB, Tailliez P, 
Boemare N, Chen S. Steinernema 
sichuanense n. sp. (Rhabditida, 
Steinernematidae), a new species of 
entomopathogenic nematode from the 
province of Sichuan, east Tibetan Mts., 
China. J. Invertebr. Pathol. 
2006;93(3):0-169. doi:10.1016/j.
jip.2006.06.007
[104] Nguyen KB. Gozel U, 
Koppenhöfer H, Byron J, Adams BJ. 
Heterorhabditis floridensis n. sp. 
(Rhabditida: Heterorhabditidae) from 
Florida. Zootaxa, 1177(1):21.
[105] Chen S, Yan A, Li X, Moens M, 
Spiridonov S. A new entomopathogenic 
nematode, Steinernema hebeiense sp. n. 
(Rhabditida: Steinernematidae), from 
North China. Nematol. 2006;8:563-574.
[106] Nguyen KB, Shapiro-Ilan D, 
Mbata G. Heterorhabditis georgiana n. sp. 
(Rhabditida: Heterorhabditidae) from 
Georgia, USA. Nematol. 
2008;10(3):433-448. 
doi:10.1163/156854108783900276
[107] Uribe-Lorío L, Mora M, Stock SP. 
Steinernema costaricense n. sp. and 
Steinernema puntauvense n. sp. 
(Rhabditida: Steinernematidae), two 
Nematodes - Recent Advances, Management and New Perspectives
20
new entomopathogenic nematodes from 
Costa Rica. Syst. Parasitol. 
2007;68:167-182.
[108] Malan AP, Nguyen KB, De Waal JY, 
Tiedt L. Heterorhabditis safricana n. sp. 
(Nematoda: Heterorhabditidae), a new 
entomopathogenic nematode from 
South Africa. Nematol. 2008;10:381-396.
[109] Edgington S, Buddie AG, Moore D, 
France A, Merino L, Hunt DJ. 
Heterorhabditis atacamensis n. sp. 
(Nematoda: Heterorhabditidae), a new 
entomopathogenic nematode from the 
Atacama Desert, Chile. J. Helminthol. 
2011;85:381-394.
[110] Nguyen KB, Hunt DJ. 
Entomopathogenic nematodes: 
Systematics, phylogeny and bacterial 
symbionts. Nematology Monographs 
and Perspectives. Brill, Leiden-Boston, 
the Netherlands, 2007;5:816.
[111] Xing-Yue LI. Qi-Zhi L, Nermuť J, 
Půža, V, Mráček Z. Heterorhabditis 
beicherriana n. sp. (Nematoda: 
Heterorhabditidae), a new 
entomopathogenic nematode from the 
Shunyi district of Beijing, China. 
Zootaxa. 2012;3569(1):25-42. 
doi:10.11646/zootaxa.3569.1.2
[112] Nguyen KB, Půža V, Mráček Z. 
Steinernema cholashanense n. sp. 
(Rhabditida, Steinernematidae) a new 
species of entomopathogenic nematode 
from the province of Sichuan, Chola 
Shan Mountains, China. J. Invertebr. 
Pathol. 2008;97:251-264.
[113] Malan AP, Knoetze R, Tiedt L. 
Heterorhabditis noenieputensis n. sp. 
(Rhabditida: Heterorhabditidae), a new 
entomopathogenic nematode from South 
Africa. J. Helminthol. 2014;88:139-151.
[114] Gaugler R, Kaya HK. 
Entomopathogenic Nematodes in 
Biological Control. Boca Raton, FL, 
USA, CRC Press. 1990. 
ISBN-0849345413.
[115] Gaugler R, Han R. Production 
technology. In: Entomopathogenic 
Nematology (Gaugler R. eds.) 
Wallingford, UK: CABI. 2002. 
pp. 289-310
[116] Akhurst RJ, Boemare NE. A 
numerical taxonomic study of the genus 
Xenorhabdus (Enterobacteriaceae) and 
proposed elevation of the subspecies of 
X. nematophilus to species. J. Gen. 
Microbiol. 1988;134:1835-1845.
[117] Griffin CT, Downes MJ, Block W. 
Tests of Antarctic soils for insect 
parasitic nematodes. Antarct. Sci. 
1990;2(03). doi:10.1017/
s095410209000030x
[118] Kaya HK. Soil ecology. In: 
Entomopathogenic Nematodes: 
Biological Control (Gaugler R, Kaya HK. 
eds.). CRC Press, Boca Raton, Florida, 
1990.pp. 93-115.
[119] Mráček Z, Weiser J, Gerdin S. Head 
and cuticular structures of some species 
in the family Steinernematidae 
(Nematoda). Nematologica. 
1981;27:443-448.
[120] Selvan SP, Grewal PS, Gaugler R, 
Tomalak M. Evaluation of 
steinernematid nematodes against 
Popillia japonica: species, strain and 
rinse after application. J. Econ. Entomol. 
1994;89:605-609.
[121] Campbell J, Gaugler R. Nictation 
behavior and its ecological implications 





[122] Nguyen KB, Smart Jr GC. 
Steinernema scapterisci n. sp. 
(Steinernematidae: Nematoda). J. 
Nematol. 1990;22:187-199.
[123] Grewal, PS, Nardo EABDE, 
Aguillera MM. Entomopathogenic 
21
Entomopathogenic Nematodes: Their Characterization, Bio-Control Properties and New…
DOI: http://dx.doi.org/10.5772/intechopen.99319
nematodes: potential for exploration 
and use in South America. Neotrop. 
Entomol. 2001; 30(2):191-205.
[124] Bedding RA, Molyneux AS. 
Penetration of insect cuticle by infective 
juveniles of Heterorhabditis spp. 
(Heterorhabditidae: Nematoda). 
Nematologica. 1982;28:354-359.
[125] Hill D E. Entomopathogenic 
nematodes as control agents of 
developmental stages of the black-
legged tick, Ixodes scapularis. J. Parasitol. 
1998;84(6):pp. 1124. 
doi:10.2307/3284660
[126] Johnigk SA, Ehlers RU. Juvenile 
development and life cycle of 
Heterorhabditis bacteriophora and H. 
indica (Nematoda: Heterorhabditidae). 
Nematol. 1999a;1:251-260.
[127] Griffin CT, O’callaghan KM, Dix I. 
A self-fertile species of Steinernema 
from Indonesia: further evidence of 




[128] Hominick WM, Reid AP, 
Bohan DA, Briscoe BR. 
Entomopathogenic nematodes: 
biodiversity, geographical distribution 
and the convention on biological 
diversity. Biocon. Sci. Technol. 
1996;6:317-331.
[129] Zograf J, Borgonie G, Bert W. The 
structure of the female reproductive 





[130] Strauch O, Stoessel S, Ehlers RU. 
Culture conditions define automictic or 
amphimictic reproduction in 
entomopathogenic rhabditid nematodes 
of the genus Heterorhabditis. Fundam. 
Appl. Nematol. 1994;17:575-582.
[131] Lewis EE. Behavioral Ecology. In: 
Entomopathogenic Nematology 
(Gauger R. ed.). New York, CAB 
International, 2002. pp. 205-223.
[132] Ebssa L, Dix I, Griffin CT.  
Female presence is required for male 
sexual maturity in the nematode 
Steinernema longicaudum. Curr. Biol., 
2008;18(21):R997–R998. doi:10.1016/j.
cub.2008.09.032
[133] Ebssa L, Borgemeister C, 
Poehling HM. Effectiveness of different 
species/strains of entomopathogenic 
nematodes for control of western flower 
thrips (Frankliniella occidentalis) at 
various concentrations, host densities, 
and temperatures. Biol. Cont. 
2004;29(1):145-154. doi:10.1016/
s1049-9644(03)00132-4
[134] Schroeder WJ. Laboratory 
bioassays and field trials of 
entomogenous nematodes for control of 
Diaprepes abbreviatus (Coleoptera: 
Curculionidae) in Citrus. Environ. 
Entomol. 1987;16(4):987-989. 
doi:10.1093/ee/16.4.987
[135] Bastidas B, Edgar P, San-Blas E. 
Size does matter: The life cycle of 
Steinernema spp. in micro-insect hosts. 
J. Invertebr. Pathol. 2014;121:46-55.
[136] Lewis EE, Campbell J, Griffin C, 
Kaya H, Peters A. Behavioral ecology of 
entomopathogenic nematodes. Biol. 
Control. 2006;38:66-79.
[137] Dillon A. Biological control of the large 
pine weevil, Hylobius abietis L., 
(Coleoptera: Curculionidae) using 
entomopathogenic nematodes. Dissertation. 
National University of Ireland–
Maynooth, Maynooth, Ireland. 2003.




jumping behaviour. Nematol. 
2002;4:471-482.
Nematodes - Recent Advances, Management and New Perspectives
22
[139] Reed EM, Wallace HR. Leaping 
locomotion in an insect parasitic 
nematode. Nat. 1965;206:210-211.
[140] Campbell JF, Kaya HK. How and 
why a parasitic nematode jumps. Nat. 
1999a;397:485-486.
[141] Campbell JF, Kaya HK. Mechanism, 
kinematic performance, and fitness 
consequences of entomopathogenic 
nematode (Steinernema spp.) jumping 
behavior. Can. J. Zool. 
1999b;77:1947-1955.
[142] Kruitbos LM, Heritage S, Hapca S, 
Wilson MJ. The influence of habitat 
quality on the foraging strategies of the 
entomopathogenic nematodes 
Steinernema carpocapsae and 
Heterorhabditis megidis. Parasitol. 
2010;137:303-309.
[143] Grewal PS, Selvan S, Gaugler R. 
Thermal adaptation of 
entomopathogenic nematodes – niche 
breadth for infection, establishment and 
reproduction. J. Therm. Biol. 
1994;19:245-253.
[144] Lewis EE, Gaugler R, Harrison R. 
Entomopathogenic nematode host 
finding: Response to host contact cues 
by cruise and ambush foragers. 
Parasitol. 1992;105:309-315.
[145] Lewis EE, Grewal PS Gaugler R. 
Hierarchical order of host cues in 
parasite foraging: A question of context. 
Parasitol. 1995;110:207-213.
[146] Koppenhöfer AM, Grewal PS, 
Fuzy EM. Differences in penetration 
routes and establishment rates of four 
entomopathogenic nematode species 
into four white grub species. J. Invertebr. 
Pathol. 2007;35:128-139.
[147] Adams BJ, Fodor A, 
Koppenhöfer HS, Stackenbrandt E, 
Stock SP, Klein MG. Biodiversity and 
systematic of nematode–bacterium 
entomopathogens. Biol. Control. 
2006;38:4-21.
[148] Shairra SA. Paeasitizm of locust by 
entomopathogenic nematode in relation 
to insect micro-aggregation inhibitor. 
Egypt. Acad. J. Biol. Sci. 
2009;2(2):221-230.
[149] Kaya HK, Gaugler R. 
Entomopathogenic Nematodes. Ann. 
Rev. Entomol. 1993;38:181-206.
[150] Sandhu SK, Jagdale GB, 
Hogenhout SA, Grewal PS. Comparative 
analysis of the expressed genome of the 
infective juvenile entomopathogenic 
nematode, Heterorhabditis bacteriophora. 
Mol. Biochem. Parasitol. 2006;145: 
239-244.
[151] Shapiro-Ilan DI, Han R, Dolinksi C. 
Entomopathogenic nematode 
production and application technology. 
J. Nematol. 2012;44:206-217.
[152] Grewal PS, Ehlers RU, 
Shapiro-Ilan DI. Nematodes as 
biological control agents. Wallingford: 
CABI Publishing. 2005. 
ISBN- 0851990177.
[153] Hominick WM, Briscoe BR, del 
Pino FG, Heng J, Hunt DJ, Kozodoy E, 
Mracek Z, Nguyen KB, Reid AP, 
Spiridonov S, Stock SP, Sturhan D, 
Waturu C, Yoshida, M. Biosystematics of 
entomopathogenic nematodes: current 
status, protocols and definitions. J. 
Helminthol. 1997;71(04):271.
[154] Poinar, GO. Origins and 
phylogenetic relationships of the 
entomophilic rhabditis, Heterorhabditis 
and Steinernema. Fundam. Appl. 
Nematol. 1993;16(4):333-338.
[155] Adams B, Nguyen KB. Taxonomy 
and systematics. In: Entomopathogenic 
Nematology (Gaugler R ed.). CABI 
Publishing, Wallingford, UK, 2002. 
pp. 1-33.
23
Entomopathogenic Nematodes: Their Characterization, Bio-Control Properties and New…
DOI: http://dx.doi.org/10.5772/intechopen.99319
[156] Nguyen KB, Smart GC Jr. 
Identification of entomopathogenic 
nematodes in the Steinernematidae and 
Heterorhabditidae (Nemata: 
Rhabditida). J. Nematol. 
1996;28:286-300.
[157] Nguyen KB, Smart GC Jr. Scanning 
electron microscopic studies of spicules 
and gubernacula for Steinernema spp. 
(Nemata: Steinernematidae). 
Nematologica, 1997;43:465-480.
[158] Spiridonov SE, Hominick WM, 
Brisco BR. Morphology of amoeboid 
cells in the uterus of Steinernema species 
(Rhabditida: Steinernematidae). Russ. J. 
Nematol. 1999;7:39-42.
[159] Mráček Z, Bednarek A. The 
morphology of lateral fields of infective 
juveniles of entomogenous nematodes 
of the family Steinernematidae 
(Rhabditida). Nematologica. 
1991;37:63-71.
[160] Jackson GJ. Differentiation of three 
species of Neoaplectana 
(Nemtoda:Rhabditidia) grown 
axenically. Parasitol. 1965;55:571-578.
[161] Akhurst RJ. Use of starch gel 
electrophoresis in the taxonomy of the 
genus Heterorhabditis (Nematoda: 
Heterorhabditidae). Nematologica. 
1987;33:1-9.
[162] Curran J, Webster JM. Genotypic 
analysis of Heterorhabditis isolates from 
North Carolina. J. Nematol. 
1989;21:140-145.
[163] Smits PH, Groenen TM, De Raay G. 
Characterization of Heterorhabditis 
isolates using DNA restriction fragment 
1ength polymorphism. Revue de 
Nématologie. 1991;14:445-453.
[164] Reid AP, Hominick WH. Cloning 
of the rDNA repeat unit from a British 
entomopathogenic nematode 
(Steinernematidae) and its potential for 
species identification. Parasitol. 
1993;107:529-536.
[165] Vrain TC, Wakarchuk DA, 
Levesque AC, Hamilton RI. Intraspecific 
rDNA restriction fragment length 
polymorphisms in the Xiphinema 
americanum group. Fundam. Appl. 
Nematol.1992;15:563-574.
[166] Curran J, Driver F. Molecular 
taxonomy of Heterorhabditis. Cost 812 
Biotechnology: genetics of 
entomopathogenic nematode-bacterium 
complexes. In: Proceedings of symposium 
and workshop, St Patrick’s College, 
Maynooth, Kildare County, Ireland. 
Luxembourg, European Commission, 
Dgeur, (Burnell AM, Ehlers RU, 
Masson JP. Eds.). 1994;15681:41-48.
[167] Joyce SA, Burnell AM, Powers TO. 
Characterization of Heterorhabditis 
isolates by PCR amplification of 
segments of mtDNA and rDNA genes. J. 
Nematol. 1994;26:260-270.
[168] Reid AP. Molecular taxonomy of 
Stcille/ïlcma. In: Proceedings of a 
symposium and workshop, St Patrick’s 
College, Maynooth, Co. Kildare, 
Ireland, E.e. DG XII, Luxembourg 
(Bumell AM, Ehlers RU and Masson JP. 
Eds.) CaST 812 Biotechnology: Genclics 
of entomopathogellicnernatode-bacterillrn 
complexes. 1994pp. 49-58.
[169] Subbotin SA, Moens M. Molecular 
taxonomy and phylogeny. In: Plant 
nematology (Perry RN, Moens M. eds.). 
Wallingford, UK, CABI Publishing, 
2006. pp. 33-58.
[170] Didiza L, Lephoto TE , Gray VM. 
Morphological and molecular 
phylogenetic description of Steinernema 
batswanae n. sp. (Rhabditida: 
Steinernematidae): a new species of an 
entomopathogenic nematode from 
South Africa. Arch Phytopathol Plant 
Prot. 2021 DOI: 
10.1080/03235408.2021.1931648
Nematodes - Recent Advances, Management and New Perspectives
24
[171] Bhat AH, Chaubey AK, 
Hartmann J, Nermut J, Puza V. Notes on 
the morphology, bionomics, 
distribution, and efficacy of 
Steinernema siamkayai (Rhabditida: 
Steinernematidae) from western Uttar 
Pradesh, India. Nematol. 2021; 54:817-
836. DOI: 10.1163/15685411-bja10079
[172] Powers TO, Todd TC, Burnell AM, 
Munay PCB, Fleming CC, Sza1anski AL, 
Adams BA, Harris TS. The rDNA 
internal transcribed spacer region as a 
taxonomic marker for nematodes. J. 
Nematol., 1997;29:441-450.
[173] Blaxter ML, De Ley P, Garey JR, 
Liu LX, Scheldeman P, Vierstraete A, 
Vanfleteren JR, Mackey LY, Dorris M, 
Frisse LM, Vida JT, Thomas WK. A 
molecular evolutionary framework for 
the phylum Nematoda. Nat. 
1998;392:71-75.
[174] Dorris M, De Ley P, Blaxter ML. 
Molecular analysis of nematode 
diversity and the evolution of 
parasitism. Parasitol. Today 
1999;15:188-193.
[175] Liu J, Berry R, Poinar G, 
Moldenke A. Phylogeny of Photorhabdus 
and Xenorhabdus species and strains as 
determined by comparison of partial 
16S rRNA gene sequences. Int. J. Syst. 
Bacteriol. 1997;47:948-951.
[176] Adams BJ, Burnell AM, Powers TO. 
A phylogenetic analysis of 
Heterorhabditis (Nematoda:Rhabditidae) 
based on internal transcribed spacer 1 
DNA sequence data. J. Nematol. 
1998;30:22-39.
[177] Szalanski AL, Taylor DB, 
Mullin PG. Assessing nuclear and 
mitochondrial DNA sequence variation 
within Steinernema (Rhabditida: 
Steinernematidae). J. Nematol. 
2000;32:229-233.
[178] Stock SP, Campbell JF, Nadler SA. 
Phylogeny of Steinernema Travassos, 
1927 (Cephalobina: Steinernematidae) 
inferred from ribosomal DNA sequences 
and morphological characters. J. 
Parasitol. 2001;87:877-889.
[179] Bhat AH, Istkhar R, Chaubey AK, 
Půža V, San-Blas E. First Report and 
Comparative Study of Steinernema 
surkhetense (Rhabditida: 
Steinernematidae) and its Symbiont 
Bacteria from Subcontinental India. J 
Nematol. 2017; 49(1):92-102. doi: 
10.21307/jofnem-2017-049.
[180] Hall R. Challenges and prospects of 
integrated pest management. In: Novel 
approaches to integrated pest 
management (Reuveni R. ed.). Lewis 
Publishers, Boca Raton, Florida, USA. 
1995.p. 1-19.
[181] Dhaliwal GS, Dhawan AK, Singh R. 
Biodiversity and ecological agriculture: 
Issues and perspectives. Indian J. Ecol. 
2007;34(2):100-109.
[182] Pimentel D. Area-wide pest 
management: Environmental, economic 
and food issues. In: Area-wide control of 
insect pests: from research to field 
implementation (Vreysen MJB, 
Robinson AS and Hendrichs J. eds.). 
Springer, Dordrecht, the Netherlands, 
2007. pp. 35-47.
[183] Pimentel D. Pesticides and pest 
control. In: Integrated pest management 
innovation – development (Peshin R, 
Dhawan AK. eds.). Springer, Dordrecht, 
the Netherlands, 2009.pp. 83-88.
[184] Caltagirone LE, Doutt RL. The 
history of the vedalia beetle importation 
to California and its impact on the 
development of biological control. 
Annu. Rev. Entomol. 1989;34:1-16.
[185] Ferron P. Biological control of 
insect pests by entomogenous fungi. 
Annu. Rev. Entomol. 1978;23:409-442.
[186] Priest F. Biological control of 
mosquitoes and other biting flies by 
25
Entomopathogenic Nematodes: Their Characterization, Bio-Control Properties and New…
DOI: http://dx.doi.org/10.5772/intechopen.99319
Bacillus sphaericus and Bacillus 
thuringiensis. J. Appl. Microbiol. 1992;72: 
357-369.
[187] Georgis R, Koppenhöfer AM, 
Lacey LA, Bélair G, Duncan LW, 
Grewal PS, Samish M, Tan L, Torr P, van 
Tol RWHM. Successes and failures in 
the use of parasitic nematodes for pest 
control. Biol. Control. 2006;38:103-123.
[188] Bhat AH, Rana A, Chaubey AK, 
Shokoohi E, Machado RAR. 
Characterisation of Steinernema abbasi 
(Rhabditida: Steinernematidae) isolated 
from Indian agricultural soils and their 
efficacy against insect pests. Biocontrol 
Sci Technol. 2021; 30:8 DOI: 
10.1080/09583157.2021.1917514
[189] Malan AP, Manrakhan A. 
Susceptibility of the Mediterranean 
fruit fly (Ceratitis capitata) and the 
Natal fruit fly (Ceratitis rosa) to 
entomopathogenic nematodes. J. 
Invertebr. Pathol. 2009;100(1):47-49.
[190] Van Niekerk S, Malan AP. Potential 
of South African entomopathogenic 
nematodes (Heterorhabditidae and 
Steinernematidae) for control of the 
citrus mealy bug, Planococcus citri 
(Pseudococcidae). J. Invertebr. Pathol. 
2012;111:166-176.
[191] Van Niekerk S, Malan AP. 
Adjuvants to improve control of 




Steinernematidae). J. Helminthol. 2013. 
Doi: 19.1163/15685411-00002780.
[192] Van Niekerk S, Malan AP. 
Compatibility of Heterorhabditis 
zealandica and Steinernema yirgalemense 
with agrochemicals and biological 
control agents. Afr. Entomol. 
2014a;22:49-56.
[193] Ganguly S. Taxonomy of 
entomopathogenic nematodes. In: 
National Congress on Centenary of 
Nematology in India, Appraisal and 
Future Plans. Division of Nematology, 
IARI, New Delhi, Abstract: 2001.
pp. 20-21.
[194] Hunt DJ. Overview of taxonomy 
and systematics. In: Entomopathogenic 
nematodes: systematics, phylogeny and 
bacterial symbionts. Nematology 
Monographs and Perspectives 
(Nguyen KB, Hunt DJ. eds.). Leiden, the 
Netherlands: Brill Publishing; 
2007;pp. 27-57.
[195] Stock SP, Griffin CT, Burnell AM. 
Morphological characterization of three 
isolates of Heterorhabditis Poinar, 1976 
from the ‘Irish group’ (Nematoda: 
Rhabditida: Heterorhabditidae) and 
additional evidence supporting their 
recognition as a distinct species, H. 
downesi n. sp. Syst. Parasitol. 
2002;51:95-106.
[196] Nadler SA, Bolotin E, Stock SP. 
Phylogenetic relationships of 
Steinernema Travassos, 1927 (Nematoda: 
Cephalobina: Steinernematidae) based 
on nuclear, mitochondrial and 
morphological data. Syst. Parasitol. 
2006;63:161-181.
